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Introduction
RLF (Radio Link Failure) is a good way of data recovery to support seamless mobility for UEs in LTE. In NR, a similar procedure is required to manage the radio link stable from the UE point of view when radio link has some problems. 
In this document, we discuss UE based mobility with an association of an enhanced procedure of RRC Connection Re-establishment in RRC_CONNECTED state.
Discussion
In LTE, UE based mobility such as RRC Connection Re-establishment is supported by declaration of radio link failure (RLF) which triggers RRC Connection Re-establishment. Under the base line of LTE specification, the legacy RRC Connection Re-establishment should performed by declaration of RLF e.g., T310/T312 expiry or random access problem indication or by indication of maximum number of RLC retransmissions, integrity check failure. The above cases i.e. abnormal cases have a weak point in the terms of the latency and data recovery even though the NR UE is supposed to support RRC Connection Re-establishment as the LTE base line.

 In LTE, during the procedure of RRC Connection Re-establishment, ongoing DRBs shall be suspended when the initiation of RRC Connection Re-establishment.  Then, the suspended DRBs are resumed when only reception of the first RRC Connection Reconfiguration after completion of RRC Connection Re-establishment procedure. The problem of legacy procedure is that, from DRB suspension to DRB resume, the period could be quite long time because several RRC signal messages should be receive and send between cell and UE. It causes a lot of user data latency and more possibility of data loss comparing with the legacy procedure of mobility/recovery procedure e.g., handover, RRC Connection Suspend/Resume. 
 In addition, the RLF will additionally lead to latency of the NR UE message delivery; because the UE cannot transmit the RRC signal or user data message in uplink during RRC Connection Re-establishment and even after going to RRC_IDLE state. When UE generates the RRC signal or user data message just before declaration of the RLF or handover failure, it would fail to transmit the message at a source cell. Then, UE needs to delay transmission of the message until RRC Connection Re-establishment successfully completes at a cell or even until NAS recovers the connection (i.e. a new connection establishment for NAS recovery). Thus, actual latency of message delivery would involve the RRC Connection Re-establishment latency and possibly new connection establishment for NAS recovery as shown in Figure 1 for failure case.
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Figure 1: Latency of message delivery including HO failure and connection re-establishment
In the legacy handover failure, it may take about a few hundred of millisecond(s) to initiate RRC Connection Re-establishment. After initiation of RRC Connection Re-establishment, the aerial UE resumes SRB only and it takes additional delay to resume the suspended DRB because the suspended DRBs are resumed when reception of the first RRC Connection Reconfiguration after completion of RRC Connection Re-establishment procedure. We say the problem of legacy procedure is that, from DRB suspension to DRB resume, the term could be quite long period because some RRC signal messages should be receive and send between cell and the aerial UE. The term causes a lot of user data latency and more possibility of data loss comparing with the procedure of handover or RRC Connection Suspend/Resume.
Observation 1: Frequent HO failure or RLF declaration leads delayed data transmission and data loss compared with other legacy mobility/recovery procedures e.g. handover or RRC connection suspend/resume in LTE.
Before RLF, the fact is that UE context should be existed in the source cell and if this UE context information could be handled by gNBs, user data would be definitely resumed as soon as the NR UE moves towards a new cell. To make simple solution, we propose that UE suspends RRC connection on the source cell when the UE declares RLF or handover failure. Then, the UE tries to resume the RRC connection on the target cell as soon as completion of cell search. As we agreed previously, we can also use the legacy RRC Connection Re-establishment procedure if the target cell cannot support the RRC Connection Resume procedure for the RRC Connection Re-establishment. If there is a cell to support RRC Connection Resume procedure for RRC Connection Re-establishment i.e. the enhanced RRC Connection Re-establishment, UE can resume the suspended DRBs faster than the legacy procedure so that it brings efficiency to reduce data latency and data loss. Therefore our proposal is that UE may include an indication of resume request in the RRC Connection Re-establishment Request message if the UE is able to support the RRC Connection Resume procedure for the RRC Connection Re-establishment.
Proposal 1: Upon declaration of RLF or handover failure, gNB can resume RRC Connection through the RRC Connection Re-establishment if available.
In our view, to implement Proposal 1, a resume identity is clearly needed by gNB before declaration of RLF or handover failure. To find out which cell is applicable to handle the enhanced RRC Connection Re-establishment which supports RRC Connection Resume for RRC Connection Re-establishment, the resume identity must be sent in an additional RRC dedicated signal message e.g. RRC Connection Setup or RRC Connection Resume or RRC Connection Re-establishment when RRC Connection Establishment. For backward compatibility, UE could update the resume identity if new resume identity is included in RRC Connection Release message as the previous procedure handling.
Proposal 2: When RRC Connection is established, UE can receive an identity to resume RRC Connection for RRC Connection Re-establishment.
If we agree with Proposal 2, to resume user data, we can also consider the time to search a new cell. It contributes reduced time of data transmission when RLF or handover failure. If the gNB could explicitly share a cell list which is the list of cells can support this new resume procedure in RRC Connection Re-establishment, UE can resume the suspended user data better. The cell list can be provided by dedicated information or provided by broadcast information e.g. system information. In our view, In our view, broadcast information is better because a NR UE can estimate which cell is able to support this procedure even in idle state if a Boolean flag to indicate support the enhanced RRC Connection Re-establishment. The Boolean flag may be located in neighbour frequency/cell information of the SIBs. The NR UE may receive this information by on-demand type.

Proposal 3: A neighbour cell list to support P2 could be provided by System Information.
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Figure 1: An example of enhanced RRC Connection Re-establishment in NR
Conclusion

In conclusion, we propose the followings: 
Observation 1: Frequent HO failure or RLF declaration leads delayed data transmission and data loss compared with other legacy mobility/recovery procedures e.g. handover or RRC connection suspend/resume in LTE.
Proposal 1: Upon declaration of RLF or handover failure, gNB can resume RRC Connection through the RRC Connection Re-establishment if available.
Proposal 2: When RRC Connection is established, UE can receive an identity to resume RRC Connection for RRC Connection Re-establishment.
Proposal 3: A neighbour cell list to support P2 could be provided by System Information.[image: image3.png]
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